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Inroducion
In 1980, the United States Food and

Drug Administration warned pregnant
women to restrict their intake of caffeine
based on increased adverse reproductive
outcomes in animals.1 Since then, a num-
ber of epidemiologic studies have exam-
ined the association between caffeine in-
take and lowbirthweight (LBW) and a few
have investigated its relationship to intra-
uterine growth retardation (IUGR). In a
prospective study, Martin and Bracken
found a more than two-fold risk ofLBWin
term deliveries associatedwith caffeine in-
take of 151-300 mg daily during the first
trimester and a greater than four-fold risk
associated with intake of >300 mg daily.2
A case-control study which combined
cases of LBW and IUGR found an in-
creased risk associated with caffeine in-
take greater than 300 mg daily during the
first trimester (OR = 2.94; 95% CI = 0.89,
9.65).3 In addition, a retrospective study
demonstrated a relationship between caf-
feine consumption of greater than 300 mg
daily and reduced birthweight.4 In con-
trast, a prospective5 and a large retrospec-
tive6 study found no relationship between
caffeine or coffee consumption and re-
duced birthweight, respectively.

Methods

Participants and Questionnaires
Participants were women selected as

controls in a case-control study of spon-
taneous abortion (SAB); a detailed de-
scription of subject selection and recruit-
ment is presented elsewhere.7 Birthweight
was obtained from birth certificates. LBW
was defined as birthweight less than 2,500
grams. Gestational age was calculated
from the date of the last menstrual period

(LMP) to the baby's birth date, as re-
ported on interview. IUGRwas defined as
weight less than the tenth percentile of the
mean weight at each gestational week us-
ing standards developed for California (all
races and sexes combined).8 Preterm de-
livery was defined as gestational age of
less than 37 weeks.

The interviewwas conducted by tele-
phone, on average, nine months after
birth. For caffeinated beverage consump-
tion questions (caffeinated coffee, tea and
soft drinks), the participant was asked the
amount consumed during the month be-
fore pregnancy, if it changed during preg-
nancy and, if so, when and to what
amount. This information was used to cal-
culate each participant's average con-
sumption during the first trimester ofpreg-
nancy, based on her consumption each
week. Caffeine consumption was calcu-
lated by summing the average amount of
caffeinated coffee, tea, and soft drinks
consumed, assuming a caffeine content of
107 mg/cup, 34 mg/cup, and 47 mg/can,
respectively.9

The analyses were limited to single-
ton births (n = 1,252). Women who were
missing information on birthweight (n = 1)
or on caffeine consumption (n = 8) or
whose calculated gestational age was 45
weeks or more (n = 13) were excluded
from the analyses, leaving 1,230 singleton
live births.
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StatisticalAnalyses
We examined matemal characteris-

tics within four categories of caffeine con-
sumption consistent with those from pre-
vious studies:2-4 no caffeine; average
caffeine use of 1-150 mg/day (light use);
151-300mg/day (moderate use); and >300
per/day (heavy use). Analysis ofvariance
was used to determine whether mean
birthweights or mean gestational ages dif-
fered by category of caffeine use. Unad-
justed odds ratios (OR), confidence inter-
vals (CI) and chi-square trend tests were
calculated for three levels of caffeine con-
sumption with no consumption as the ref-
erence group.

Adjusted odds ratios were calculated
using logistic regression with indicator
variables for light, moderate, and heavy
caffeine use. Caffeine was also modeled as
a continuous variable. Since results were
similar, categorical variables are pre-
sented for ease of comparison to other
studies.

Confoundingvariableswere included
if they were strongly related to LBW or
related to bothLBW and caffeine use. The
following maternal characteristics were
entered into the LBW models: maternal
age (c34, >34); parity (0, .1); race
(White, Hispanic, other); hypertension
during pregnancy (yes, no); cigarettes
smoked (0, 1-10 daily, 211 daily); and al-
cohol consumed (0, 1-3 drinks per week,
.4 drinks per week). Separate models
were run to test for an interaction between
caffeine and tobacco use and between caf-
feine and alcohol consumption.

Reductions in caffeine consumption
early in pregnancy were examined to de-
termine whether these changes might af-
fect fetal growth. Crude and adjusted odds
ratios were calculated separately for
women who did and did not reduce their
intake from greater than an average of300
mg/day to less than that amount within six
weeks of their LMP. The reference group
for these analyses was women with no
caffeine consumption. Six weeks post-
LMP was chosen as the time to evaluate
the effect of reducing caffeine consump-
tion because it approximates the earliest
time that a woman realizes she is preg-
nant.

The strategy outlined above was fol-
lowed for the univariate and multivariate
analyses of caffeine consumption and
IUGR or prematurity. The following co-
variates were entered in the models for
IUGR: hypertension, cigarettes, and alco-
hol, as defined above. Variables included
in the models for prematurity were: edu-

cation (less than high school, high school
graduate, some college, college graduate),
race, hypertension, cigarettes and alco-
hol.

Results

Characten7stics ofStuy Population
Table 1 presents population charac-

teristics by four categories ofcaffeine con-
sumption. The following variables were
associated with increased caffeine con-
sumption: multiparity, one or more ther-
apeutic abortions, being employed, and
use of cigarettes or alcohol. Ethnicity
other than White or Hispanic was associ-
ated with decreased caffeine consump-
tion, as was being more highly educated.

Association with LBW, IUGR
Overall, the risk factors for LBW

were consistent with previous studies.10
Nulliparous women over 34 years of age
were at increased risk for delivering a
LBW infant. Prior stillbirth, hypertension
during the current pregnancy, smoking
more than 10 cigarettes per day, or drink-
ing four or more alcoholic drinks each
week were associated with LBW. Race
was also associated with LBW; Whites
were least likely to deliver a LBW infant.
Women who did not have insurance cov-
erage for prenatal care (a surrogate mea-
sure for low socioeconomic status) were
also at increased risk forLBW. IUGRwas
more common amongwomen with hyper-
tension during pregnancy, smoking more
than 10 cigarettes per day, or dfinking four
or more alcoholic drinks per week.

Association ofLBWand Caffeine
The mean birthweights for no, light,

moderate, and heavy caffeine use were
3327 grams, 3311 grams, 3288 grams and
3170 grams respectively. Table 2 presents
the unadjusted and adjusted odds ratios
for LBW by caffeine consumption. A
dose-response effect with increasing con-
sumption of caffeine was observed (X2
trend = 4.03, p = 0.05). The crude risk for
those with the heaviest level of caffeine
consumption was twice that in the unex-
posed group. Adjusting for covariates re-
sulted in a slightly lowered measure of as-
sociation. Including interaction terms for
cigarette smoking and caffeine consump-
tion and for alcohol and caffeine consump-
tion did not alter these estimates. Women
who reduced their heavy caffeine con-
sumption (within six weeks of their LMP)
had a lower risk of delivering a LBW in-
fant (adjusted OR = 0.65; 95% CI = 0.20,

2.11) than those womenwho continued to
drink this amount (adjusted OR = 3.05;
95% CI = 1.09, 8.51).

Association ofIUGR and Caffeine
The association ofcaffeine andIUGR

increased with amount (X2 trend = 11.42,
p = 0.0007), with a doubled risk for me-
dium consumers and almost a four-fold
risk for heavy consumers (Table 3). The
adjusted OR for heavy caffeine consump-
tion remained elevated, although de-
creased (OR = 2.90). Addition of interac-
tion terms for cigarette smoking and
caffeine consumption and for alcohol and
caffeine consumption did not alter these
estimates. Women who reduced their
heavy caffeine consumption had a lower
riskofIUGR (adjusted OR = 1.58; 95% CI
= 0.56, 4.42) than women who continued
this level of caffeine intake (adjusted OR
= 3.74; 95% CI = 1.34, 10.41).

Association ofPreterm Delivery and
Caffeine

Mean gestational age varied little by
caffeine use. Although the crude odds ra-
tio for preterm delivery and heavy caffeine
consumption was somewhat elevated (OR
= 1.76), this estimate was decreased after
multivariate adjustment (adjusted OR =
1.31; 95% CI = 0.63, 2.69). Women who
continued their heavy caffeine consump-
tion had a higher risk of preterm delivery
(adjustedOR = 1.72; 95% CI = 0.70,4.24)
than women who reduced their intake
(adjusted OR = 1.10; 95% CI = 0.50,
2.43).

Discussion
This study indicated elevated risks

for IUGR and for LBW associated with
heavy caffeine consumption which con-
tinued beyond the sixth week of preg-
nancy. Recall bias is an unlikely explana-
tion of these findings since little
relationship between preterm delivery and
caffeine consumption was seen. Consist-
ency of reporting of caffeinated beverage
consumption was examined in a smaller
case-control study of SAB,11 in which caf-
feine consumption was asked as in this
study. Substantial agreement for reports
of caffeine consumption between inter-
views which were six months apart was
found; approximately 77 percent ofwom-
en's responses agreed to within one cup.11
In addition, reporting of coffee consump-
tion has recentlybeen shown to have good
reliability over a period of time which
ranged from nine days to 6.5 years.12
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In these analyses, pre-pregnancy
weight and pregnancy weight gain-
maternal characteristics known to be as-
sociated with fetal growth-were not col-
lected.10 In Martin and Bracken's study,
although caffeine users tended to gain less
weight than nonusers, the caffeine risk es-
timates were only slightly reduced when
weight gain was entered into the logistic
models.2 Birthweight and IUGR may also
be influenced by exposures occurring dur-

ing the second and third trimesters which
were not ascertained. However, a case-
control study found that average coffee
and tea consumption in the second and
third trimesters did not differ appreciably
from that in the first trimester.13

There are two potential sources of
exposure misclassification. We did not
collect information on caffeine intake from
caffeinated drug use, chocolate, or cocoa.
This bias is unlikely to be substantial since

for most pregnant women the largest
source ofcaffeine intake is coffee.4.14 Nev-
ertheless, our measures of caffeine con-
sumption were crude, given the substan-
tial variation in caffeine content with
method of beverage preparation and vol-
ume of serving.9

Our results suggest an effect of caf-
feine consumption of greater than 300
mg/daily on IUGR and LBW but not pre-
term delivery. These findings are consis-
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tent with those of other studies2-4 and are
biologically plausible. Caffeine is readily
absorbed from the digestive tract and
freely crosses the placenta.1516 Caffeine
increases intercellular cyclic 3',5'-aden-
osine monophosphate (cyclic AMP),
which may directly interfere with fetal
development.'7 A dose of 200 mg of caf-
feine significantly decreases blood flow in
placental villi,'8 probably through vaso-
constriction.19 Any reduction in uteropla-
cental circulation is strongly associated
with decreased fetal growth.10 IUGR20
and LBW'0 are associated with increased
risks of perinatal mortality and morbid-
ity. Clinicians should counsel women
early in pregnancy about reducing caf-
feine intake to below 300 mg daily. O
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